The aim of our present work is to measure the specific activities of the radionuclides 226 Ra, 232 Th, 40 K and the exhalation rates in terms of area and mass of 222 Rn in some samples of building materials commonly used in Morocco in order to evaluate the radiological risk caused by natural radioactivity. To this end, the analyses were carried out, using two nuclear techniques, namely high resolution gamma spectrometry and alpha dosimetry based on the use of LR115, on 50 samples collected from large commercial suppliers in Morocco. The results of these analyses show that the average specific activities of 226 Ra, 232 Th and 40 K in these materials vary from 9 to 52 Bq/kg, 3 to 63 Bq/kg and 68 to 705 Bq/kg respectively. These activities remain within the permissible limits of 35 Bq/kg, 30 Bq/kg and 370 Bq/kg respectively, with the exception of a few samples of red brick, gray cement, ceramic and granite. The activity of the radium equivalent (Ra eq ), the internal (H in ) and external (H ex ) hazard indices, the absorbed dose rate (Ḋ), the total annual effective dose (Ė tot ), the excess lifetime cancer risk (ELCR) as well as volumic activities, exhalation rates in terms of area (E S ) and mass (E M ) are calculated for the samples analyzed in this work in order to assess the radiological risks resulting from the use of these materials in various construction activities. the Ra eq in some granite samples, the ELCR index in all samples except gypsum and the radon volumic activity in some gray cement samples, ceramic and granite. As a result, the different types of building materials analyzed in our work do not present a health risk to the public and can be used in various construction activities, with the exception of a few samples of red brick, gray cement, ceramic and granite. The choice of the use of red brick, gray cement and ceramic should be monitored and adapted according to the criteria of the limitation of the doses whereas the use of the granite must be moderate in order to limit over time the health risk which increases with the duration of exposure of humans to these building materials.
Introduction
Since 1970, indoor air quality has become a major preoccupation for public health, due in part to the time we spend indoors (on average 87%) [1] and the high diversity of the airborne contaminants found therein, biological, chemical and physical [2] . Building materials represent a continuous source of natural radiation because it is produced from rocks and soils that contain radioactivity at varying levels depending on their origins [3] [4] . Radioactive exposure to building materials can be divided into internal and external exposure. This latter is due to gamma radiation from the different radionuclides of the three radioactive decay chains ( 238 U, 235 U, 232 Th) and 40 K. Internal exposure is due to the inhalation of radon and its progeny. 222 Rn is now considered the main source of human exposure to natural radiation [5] . It is a naturally occurring radioactive gas from the disintegration of 226 Ra, itself part of the 238 U disintegration chain. When disintegrating, radon emits alpha particles and generates solid progeny, which are also radioactive (polonium, bismuth, lead, etc.). These descendants continue to disintegrate and emit radiation, in particular of the α and β type. Once inhaled, it dissipates their energies into the surrounding lung tissue, thereby damaging the lung cells, and altering their atomic structure. In 1987, the International Agency for Research on Cancer (IARC) of the World Health Organization (WHO) recognized radon as a pulmonary carcinogen for humans [5] .
In Morocco, the building materials industry is currently experiencing significant growth. A growing demand means the creation or expansion of several production units (cement works, brickworks, etc.). In recent years, the building industry uses a raw material, large quantities of waste with a technologically enhanced natural radioactivity (coal ash, phosphogypses, etc.) [6] [7] [8] . 
Materials and Methods

Sample Preparation
The building materials samples to be analyzed are collected from large and important commercial suppliers in Morocco. As regards sand, samples are taken from seven different quarries in the Doukkala region. Before any analysis and to obtain homogeneous samples, these building materials are dried in an oven at 40˚C for 24 hours and then ground and sieved through a 100 μm mesh screen.
The screened samples are packaged in radon-tight containers for at least 4 weeks to establish the secular equilibrium corresponding to seven half-lives of 222 Rn.
Spectroscopic Analysis
The measurement of the natural radioactivity in the prepared samples is carried out by gamma ray spectrometer using the Broad Energy Germanium detector A are determined according to [13] .
Results and Discussions
Specific Activities
The specific activities of the radionuclides 226 Ra, 232 Th and [4] , respectively, with the exception of a few samples of red brick, gray cement, ceramic and granite. Therefore, the choice of materials for building constructions should be monitored and adapted according to the criteria of the limitation of doses.
In Table 1 , and for comparison with our results, the specific activities of natural radionuclides are grouped together in samples of building materials in Morocco and some other countries. Overall, the specific activities obtained in this study are comparable to those found in other countries, with the exception of a few activities that are remarkably higher than ours.
Radium Equivalent
Due to the non-uniform distribution of natural radionuclides in building material samples, the radiological index radium equivalent Ra eq is generally represented as the sum of the specific activities of 226 K in the samples analyzed.
In Table 2 , the mean values of the radium equivalent Ra eq varying from 19 to 196 Bq/kg, which are still below the permissible limit of 370 Bq/kg [5] , are grouped together for the samples analyzed. We note that the lowest value is found in the gypsum, while the highest is in the granite.
From these results, we can consider that these building materials do not present a significant radiological hazard to the population and can be used in various construction activities. However, it should be noted that the Ra eq values vary considerably in the same type of building materials and may in some cases exceed the permissible limit. This is the case of granite where the maximum value of the equivalent radium Ra eq is of the order of 382 Bq/kg. The use of the latter in construction activities must be moderate. 
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Internal and External Hazard Indices
The calculation of the total activity of radionuclides in building materials alone does not make it possible to assess the radiological risks of gamma radiation.
Other risk indices are also taken into account and are defined by a model taking into account the maximum activity of Ra eq (370 Bq/kg). 
Absorbed Dose Rate and Annual Effective Dose
The absorbed dose rate Ḋ (nGy/h) due to the specific activity of natural radionuclides from building materials in air at 1 m height is defined by the following equation [5] :
nGy h 0.462 0.604 0.0417 Table 2 summarizes the results of the absorbed dose rates in air for the analyzed building materials. We note that the highest value is attributed to granite (91 nGy/h) while the lowest value is gypsum (9 nGy/h). These values of absorbed dose rates are below the permissible limit (55 nGy/h) [5] with the exception of the granite sample.
To estimate the annual effective dose received by the population, we take into account the coefficient of conversion of dose rate absorbed in air in effective dose (0.7 Sv/Gy) and external occupancy factor (0.2) [5] . The annual effective doses are determined as follows [5] :
mSv y nGy h 8760 h 0.2 0.7 Sv Gy 10
mSv y nGy h 8760 h 0.8 0.7 Sv Gy 10
The results of the annual external (Ė ex ), internal (Ė in ) and total (Ė tot ) effective doses for the samples of building materials studied are given in Table 2 . It is found that the total value for each sample is less than the annual effective dose limit set at 1 mSv/y [5] . Therefore, we consider that these building materials do not present a radiological risk to the population and can be used in the construction of buildings.
Excess Lifetime Cancer Risk
The Excess Lifetime Cancer Risk (ELCR) treats the probability of developing cancer during the life of a human being at a certain level of exposure. The ELCR is calculated using the following equation [29] :
Or:
Ė tot is the total annual effective dose (μSv/year); DL (Duration of Life) is the average life span of a human being (70 years);
RF is the Risk Factor fatal by cancer (Sv −1 ). For stochastic effects, the International Commission on Radiological Protection (ICRP) estimates the value of this factor to be 0.05 for the public [30] .
In Table 2 , ELCR values range from 0.19 × 10 −3 to 1.96 × 10 −3 where the lowest value is found in the gypsum, while the highest is in the granite. The ELCR value at the granite sample far exceeds the permissible limit of 0.29 × 10 −3 [29] .
As a result, the risk of cancer increases with increasing exposure to these materials.
Volume Activities and Radon Exhalation Rates
After calculating the density of traces per unit area and per unit time in the LR115, the volume activities of the radon We present in Table 3 In Table 4 , for comparison with our results, the volumetric activities and exhalation rates in terms of area and mass of radon in building materials samples in Morocco and some other countries. Overall, the obtained results in this study are comparable to those found in other countries, with the exception of a few values that are remarkably higher than ours.
A positive correlation is found between the specific activities of 226 Ra on the one hand, it is determined by high resolution gamma spectrometry and the exhalation rates of 222 Rn calculated with the alpha dosimetry based on the use of LR115 on the other hand. This correlation is illustrated in Figure 2 with a correlation coefficient in the order of 0.96. 
Conclusion
In this present work, we used gamma spectrometry to determine natural ra- respectively. These activities of the studied samples are within the permissible limits with the exception of a few samples of red brick, gray cement, ceramic and granite. To evaluate the radiological impact of these building materials on the population, the environment and through these specific activities, we calculated several radiological risk indices, namely radium equivalent (Ra eq ), internal (H in ) and external (H ex ) hazard indices, the absorbed dose rate (Ḋ), the total annual effective dose (Ė tot ), the excess lifetime cancer risk (ELCR), the volume activities should be monitored and adapted according to the criteria of the limitation of the doses whereas the use of the granite must be moderate in order to limit over time the health risk which increases with the duration of exposure of humans to these building materials.
